Introduction
Cardiac myxomas occur with a frequency of 0.5 per million population [1] . In general incidence of cardiac tumors remained at quite a low level of 0.02% or up to 0.3% in autopsy material, of which 75% to 84.9% were benign [2, 3] . Myxomas comprised over 93% of all benign tumors of the heart, with the left atrium as the most common site of growth (74.2%) [3] . Thus, they are relatively rare neoplasms, but they are still the most common benign neoplasms of the human heart [1, 4, 5] . As myxoma is the most common primary cardiac tumor and fibroelastoma is the second one, the operated cardiac mass turned out to be a non-neoplastic thrombus in up to 15 .5% in a study of Strucker et al. [6] .
It should be noted that the heart is not the only location for this kind of tumor. There have been de-scribed very rare cases in other locations, for instance kidney myxoma [7] .
Cardiac myxomas are widespread among species, and their occurrence is not limited to humankind, but they can occur also in domestic animals such as cats with intratumoral focal bone and cartilage formation [8] . They grow as single tumors, but they can also be multiple with dramatic worsening of patients' condition, which can develop into ventricular outflow obstruction, dyspnea and palpitations [9] . Cardiac myxomas usually occur as sporadic tumors, but they can be components of composite clinical syndromes [10] . Up to 7% of cardiac myxomas are manifestations of Carney complex (CNC), which is a multiple neoplasia syndrome manifesting with cardiac, endocrine, and neural neoplasms combined with pigmented cutaneous lesions [11] . Carney complex syndrome should be distinguished from the familial form of cardiac myxomas. Angiogenesis develops in myxomas as true neoplasms and mast cells are usually accumulated in the vicinity of vessels to support a process of vascularization [12] . Namely, mast cells were reported to be positive for the well-known angiogenic factor tryptase in cardiac myxomas, with a correlation between number of tryptase-positive mast cells and formation of pseudovascular structures [12] . However, their biology is still not fully understood. Differential diagnosis is between cardiac myxoma and thrombus as they both could result in syncope and have similar clinical symptomatology which depends on the location, size and shape of the mass but is not greatly affected by the fact of its character, namely whether it is a myxoma or a thrombus in spite of the totally different management of the lesions [13] . For example, differential diagnosis employed echocardiography, autopsy and histopathology to finally state that a cardiac tumor of the right atrium and the inferior vena cava in a young woman was a thrombus [13] . Namely, they are life-threatening because their growth can obstruct heart chambers and their ostia, resulting in acute cardiac failure with clinical presentation, e.g. syncope [14] . Furthermore, the coronary arteries may be affected by tumor-derived, myxomatous emboli that rarely cause acute myocardial infarction or evident tumor displacement [15] . Typically, well-formed, pedunculated tumors are detected easily in the left atrium, with a possibility of protrusion into the ventricular chamber [16] . The risk of recurrences increases in the case of familial myxomas in association with the Carney complex and a mutation in the PRKAR1A gene [10, 17] . Characteristically, the rate of recurrences of cardiac myxomas was estimated to vary between 3% for sporadic cases and 22% for tumors of the Carney complex [18] . Detachment, and inoculation of myxoma particles is considered as a direct cause of tumor displacement [19] . In the case of mobile myxomas in the right atrium, acute pulmonary embolism can develop as a result of dissemination of the thrombus and tumor particles in the form of emboli into the pulmonary circulation [20] . To make things worse, left atrial myxoma could be responsible for induction of pulmonary embolism without any leakage through the cardiac septum by hypercoagulability, hemolysis, or heme oxygenase-1 up-regulation [21] . Indeed, the stroke, pulmonary embolism, syncope and multi-organ emboli are frequent clinical manifestations of cardiac myxomas that are true generators cardiogenic emboli [22, 23, 24, 25, 26] . It should be highlighted here that, embolus material can be both composed from both thrombus and tumor fragments and late complications of embolisation could be brain aneurysms and secondary myxomas [23] .
Although myxomas are exposed to a relatively large bloodstream, hypoxia-inducible factor-1 (HIF-1) dependent protein glucose transporter-1 (GLUT-1) was detected in cardiac myxoma cells, which may indicate increased uptake of glucose by these tumors, similarly to a variety of other tumors [27] . Myxomas express various other proteins, such as tenascin-c with its involvement in cellular aggregation and hyaluronan receptors CD44s, CD44v5 and CD44v6 with an impact of CD44 receptors on cellular motility [28] .
However, in the context of endocardial thrombosis, which could often accompany myxomas, tetraspanins seem to be a group of great significance. They belong to the transmembrane 4 superfamily of transmembrane proteins, and most of them build cholesterol-rich tetraspanin-enriched microdomains (TEMs) [29, 30] . Tetraspanins usually are expressed on platelets and on components of the vascular system, where they have a clear role in endothelial proliferation, neo-vascularization, smooth muscle fiber motility and contraction, cell motility, adhesion and, importantly, maintenance of the extracellular micro-environment. CD9 (p24), as the main protein member of this family, interacts with many integrins, growth factors including heparin-binding epidermal growth factor (HB-EGF), epidermal growth factor receptor (EGFR) with metalloproteinases, and immunoglobulins [29] . CD63 exhibits an entirely different structure. It is mainly an intercellular protein.
It is involved in transmembrane transport of various agents, cell motility and interactions with extracellular mediators by the trafficking phenomenon [29] .
CD63 is distributed in the membranes of lysosomal membranes and dense granules of non-activated platelets [30, 31] . However, after platelet stimulation and platelet degranulation, thrombin activation causes transportation of CD63 to the surface of the plasma membrane, adheres to the alphaIIbbeta3-CD9 complex and is incorporated into the Triton-insoluble actin cytoskeleton [30, 31] . CD9, CD63 and alphaIIbbeta3 co-operate with each other to maintain platelets spread on fibrinogen [30, 31] . In addition, numerous processes such as palmitoylation could induce platelet aggregation and fibrin clot via recruitment of CD9 and CD63 [30] . Platelet assembly is also maintained by the The F11 receptor (F11R) (a.k.a. Junctional Adhesion Molecule, JAM) -a platelet-derived cell adhesion molecule that belongs to the immunoglobulin (Ig) superfamily. F11R recruitment is accompanied by an increase in the level of free intracellular calcium and coupling of the F11R with the integrin GPIIIa and also with CD9, too [32] .
Therefore, we aimed to evaluate of CD9 and CD63 expression in ancient, degenerated cardiac myxomas.
Material and methods

Material
The study included a series of 14 cases of ancient degenerated cardiac myxomas with serious clinical suspicion for endocardial thrombosis. Using transthoracic echocardiography and magnetic resonance methods as well, 14 patients were detected with an atrial tumor mass with suspicion of endocardial thrombosis.
Most of the patients had thromboembolic complications and coagulopathy that constituted an additional misleading background on the way to correct diagnosis. Surgical removal of tumor masses was performed after failure of conservative treatment with a median period of 6 weeks from the initial diagnosis.
This completely anonymous retrospective study was strictly performed according to the guidelines of the latest revision of the Declaration of Helsinki from 2004 and does not require the consent of the local Ethics Committee.
The patients comprised 4 women and 10 men in the study group. Seven myxomas were located in the right atrium, while the left atrium was the site of origin of 7 tumors too. Neoplasms measured from 1.2 cm to 4.1 cm, with a medium size of 2.82 cm (SD 0.69) in diameter. Age of patients ranged from 23 to 78, with a medium age of 60.4 (SD 13.3) years old.
Methods
Tumors were fixed in 10% buffered formalin and then processed in routine histopathological procedures. Samples embedded in paraffin blocks were cut on 4 µm slides and stained routinely with hema- After deparaffinization and rehydration of the samples, the unmasking processes, and incubation with primary antibodies the next routine steps were performed using the Ventana ultra View Universal DAB Detection Kit (Ventana Medical Systems; Roche Group, Tucson, USA). As a positive control we used renal cell carcinoma tissue for CD9 and malignant melanoma tissue for CD63 in accordance with the manufacturer's recommendations.
In our point of view, the number of examined cases did not allow us to make any reliable statistically significant evaluation; thus no statistical analysis was performed. That is why -due to the interesting results -we decided to present the results in a table and illustrations with an appropiate description.
Results
Macroscopic and microscopic findings
Macroscopically, two main types of myxomas were present in our material. Namely, there were 5 classic polypoid tumors with a smooth surface (Fig. 1A, B ) and 9 neoplasms of sessile type, partially of carpet-like appearance with a broad base and irregular surface (Fig. 1C, D) . On the cut surface (Fig. 1B) there were visible hemorrhagic foci partially with hemorrhagic necrosis with intra-tumoral thrombosis besides typical myxomatous parts of the tumor.
Microscopic evaluation of tumors showed typical histopathological patterns of benign cardiac myxoma. Our attention was drawn to usually pathological ancient, degenerative changes. There were various forms of calcification in the tumors. We categorized the foci of compact tissue into classical Gamna-Gandy bodies and well-formed, mature osseous metaplasia ( Fig. 2A, B ) and amorphous calcifications ( Fig.  2A-D) . These findings also included areas of extravasated erythrocytes, many hemosiderin-laden macrophages, hemorrhagic foci, fibrin deposits of florid thrombosis, fibrosis and ischemic necrosis. Numerous plasmatic cells were observed perivascularly and in the myxoid stroma. Mast cells and histiocytes were observed to a lesser extent.
CD9 expression was visualized as a diffuse and strong cytoplasmic granular reaction within perivascular tumor cells and inflammatory cells as well. We did not observe differences in expression according to the tumor type. In tumor areas with a considerable intratumoral thrombosis there was observed evident CD9 expression within the extracellular matrix (ECM) components. These features as a background reaction resulted from overexpression in platelets rather than being a real artifact. Opposite to CD9, CD63 expression in tumor cells was less evident. The pattern of the reaction was cytoplasmic and granular in nature too but was weak in comparison with the strong reaction in inflammatory cells. Interestingly, at the border between intratumoral thrombosis and necrosis and "persistent and alive" tissue of the tumor, CD63 had strong expression. Worth noting is potent expression equally of CD9 and CD63 in inflammatory cells, especially within plasma cells. In addition, CD9 and CD63 expressions were compared to GLUT-1 immunoreactivity of myxomas but these tetraspanins failed to correlate with GLUT-1 in this limited study group.
Clinical symptomatology versus pathologic features of myxomas
Pathological traits coexisted characteristically with certain clinical manifestations. Namely, atrial fibrillation was recorded predominantly in right-sided tumors. Left atrial tumors presented occasionally with arterial hypertension, syncope, cardiac insufficiency and stroke. Polypoid myxomas were characterized by the presence of well-formed osseous metaplasia with or without coexisting diffuse thrombosis. Amorphous calcifications combined with thrombosis constituted the dominant type of tissue degeneration in sessile myxoma. Most of the studied right-sided myxomas were sessile and were frequently surfaces for thrombosis and became sites of amorphous calcifications. The higher incidence of endocardial thrombosis was associated with sessile versus polypoid myxomas. In general, amorphous calcification was combined with endocardial thrombosis in sessile tumors, while wellformed osseous metaplasia was usually a feature of polypoid tumors. In our material osseous metaplasia did not coexist with high-grade thrombosis and was predominantly found in polypoid, pedunculated myxomas. Special surface changes are worth noting in sessile tumors. Here, were observed polypoid, papillary, tumor projections with evident signs of tumor defragmentation and spread into the bloodstream. As a result, superficial erosions with thrombosis occurred (Fig. 2E, F) . These findings explain why thrombosis and subsequent embolism could result from persistence of cardiac myxoma. Moreover, the finding of the release into the bloodstream of acid mucopolysaccharides explains the serological marks of hypercoagulability too.
Discussion
In our study left atrial tumors presented with arterial hypertension, syncope, and cardiac insufficiency and these findings were similar to the reported clinical picture for left cardiac myxomas [1, 15, 16, 33] . On the basis of our findings it could be suggested that right-sided myxomas tend to be mainly sessile, they frequently are surfaces for thrombosis and become sites of amorphous calcifications. From a clinical point of view it is important to note that they are often diagnosed as parietal endocardial thrombus on magnetic resonance (MR) and ultrasonographic imaging. As we take into account that the differential diagnosis is hindered by a variety of calcifications in our relatively limited group, it is not unusual to record that the clinical picture is also overlapped by such degenerative changes in the literature [17, 18, 23, 34] . These additional morphological traits make tumors friable and prone to micro-fragmentation with release of particles of them to the circulation especially in sessile tumors [17, 18, 23, 34] . Although cytologically and histologically benign tumors without invasion, cardiac myxomas can disseminate via blood flow. According to some researchers, they ought not to be categorized as metastatic cardiac myxoma in any way, but others use the term "benign metastasizing tumor" [34] . Nevertheless, there was no dissemination of the myxoma particles in the bloodstream in the patients of our study. One patient in our study, a 23-years-old man with massive stroke and fragmentation of superficial projections of the tumor, could be an indirect proof of the possibility tumor spread to the bloodstream. Clinically sessile tumors were expected to be endocardial thromboses in our material, until proved otherwise similarly to other reported concerns relating to some mainly sessile intra-cardiac masses [35, 36] . Sometimes the diagnosis is so challenging because myxomas can often imitate endocarditis or endocardial thrombosis regardless of their shape [37, 38] . There are a few other types of benign cardiac tumors, e.g. calcified amorphous tumor of the the heart, papillary fibroelastoma of the heart, or extremely rare entities such as ectopic thyroid tissue. Myxoma is diagnosed conclusively based exclusively on histopathological evaluation no matter how detailed the radiological report may be, bearing in mind that clinical signs, e.g. embolisation-related cerebral infarction and cardiac ischemia are not exclusively specific for each of these neoplasms [39, 40, 41] . We present in Fig. 2 such calcifying changes that might be a developmental continuum of Gamna-Gandy bodies in nature. Namely, slow tumor growth is connected with production of ECM and the changes within its structural protein. Elastic fiber can undergo incrustation with calcium ions and form shapeless Gamna-Gandy bodies. In other parts this phenomenon of modeling ECM makes regular perivascular features which can be a nucleus of osseous metaplasia foci (Fig. 2B) . It seems that a central vascular canal coated with tumor cells is crucial for the following mesenchymal metaplasia. Similarly, amorphous calcifications could be a consequence of progression of Gamna-Gandy bodies. At that point one should note differences in age of patients with different types of calcifications. As presented in Table I , Gamna-Gandy bodies were observed in a younger group of patients in comparison with amorphous calcifications and osseous metaplasia. And last but not at least, the actual role of tetraspanins as thrombotic agents fits well to the biology of myxomas as masses that favor thrombosis at least at the tumor surface. CD9 overexpression and evident expression of CD63 at the border of the thrombosis suggest their evident involvement in thrombosis [30] . The potential role of CD63 in regulation of tumorigenicity is less described than CD9. Lupia et al. reported that CD63-silenced melanoma cells showed enhanced motility and invasiveness with downregulation of E-cadherin and upregulation of N-cadherin and Snail [42] . These findings, even though experimental in nature, highlight a suppressor role of CD63 in oncogenesis. In accordance with other studies about the role of tetraspanins in cancer, where CD9 is regarded as a suppressor too, our cases were characterized by strong CD9 overexpression, which could explain why myxoma tumors grow slow enough to develop osseous metaplasia with time [11, 43] . The study of Blumenthal et al. on cultured podocytes with mechanical stress has revealed CD9 overexpression [44] . This finding about the impact of pressure as a physical factor, is interesting enough with a connection with a specific location of cardiac myxoma which favours an atrial rather than a ventricular site for their growth.
Conclusions
The main finding of this paper is that myxomas are thrombogenic because these neoplasms hugely express CD9 -a trigger of platelet activation and aggregation and CD63 -a blood platelet activation marker. Thus, regarding CD9 and CD63 positivity of myxomas, thrombogenicity of myxomas does not derive exclusively from the fact that every intracardiac tumor constitutes a mass that disturbs blood flow through the cardiac chambers, but it can also be a consequence of expression of peculiar thrombosis-favoring proteins in tumor tissues.
The limitations of this study should be noted here. The examined group was too small to perform a reliable statistical evaluation, and it is necessary to undertake a comparative analysis with typical non-degenerated myxomas in the future.
